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For  the  pressure- Jet  rotor  drive  system  with  tip  humin^,  the  follovdng 

values  are  calculated  for  four  tip  'burner  combustion  temperatures,  four 

tip  speeds  and  seven  pressure  ratioBj 

A.  Weight  flow  per  compressor  horsepower 

B.  Duet  area  required  for  an  internal  duct  velocity  of  POO  fps  per  com¬ 
pressor  horsepower 

/ 

C.  Compressor  outlet  temperature 

D.  Tip  jet  thrust  pci-  comnresscr  shaft  horsepower 

E.  Specific  fuel  consumption  of  compressor  and  burner  nor  pound  of  tip 
jet  thrust 

F.  Duct  area  required  for  an  internal  duct  velocity  of  POO  f^s  per 
pound  of  tip  jet  thrust 

G.  Exhaust  velocity 

The  results  are  plotted  in  Charts  1  through  ?1. 


The  following  assumptions  have  been  made* 
A.  Inlet  air  is  NACA  standard  sea  level 
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B.  Adiabatic  compressor  efficiency  is  80  pereent 

C.  Compressor  engine  specific  fuel  consumption  «  .65  lbs  ./HP  hour 


D.  Tip  fuel  heat  content  *  18,000  BTTJ/lb. 

E.  Combustion  efficiency  ■  90  percent 

F.  Kozsle  efficiency  *  95  percent 

G.  Adiabatic  head  of  all  losses  equals  head  of  .pressure  gain  (for  cor¬ 
rections  for  'deviation  from  this  value,  see  paragraph  6) 

H.  Internal  duct  velocity  =  *>00  fps  (for  explanation,  see  paragraph  4) 


3.  FFGIECTED  ITEMS 

The  following  items  have  been  neglected* 

A.  Leakage  losses  (should  be  well  below  1  percent  of  total  flow) 

B.  Losses  or  ram  gains  in  front  of  compressor  inlet 

C.  Deviations  of  blade  internal  pressure  from  compressor  outlet  pres¬ 
sure  (has  a  small  influence  upon  density  and  consequently  duct  area 
requirement) 

D.  Variations  of  combustion  efficiency  with  temperature  rise  (such  as 
caused  by  dissociation).  Cannot  be  included  without  complete  burner 
test  data. 
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E.  Heat  losses  through  blade  (10  percent  loss  results  in  about  1  per¬ 
cent  error  in  burner  specific  fuel  consumption) 


An  arbitrary  value  of  TOO  fpe  has  been  chosen.  The  compromise  between 
aerodynamic  and  thermodynamic  considerations  will  prescribe  the  actual 
velocity  to  be  selected.  This  optimum  conttromiee  cannot  be  generally 
determined  because  it  deoends  upon  too  many  variables,  such  as: 

A.  Percentage  blade  cross  section  available  for  duct.  This  depends 
on  design  effort,  blade  balance  requirements,  structural  require¬ 
ments,  end  blade  weight  considerations. 

B.  Percentage  hovering  time  In  total  flight  time.  On  a  7P0  aircraft, 
the  best  eomoromlse  for  hovering  is  net  correct  for  the  average 
operation. 

C.  The  mission.  To  find  an  ootimum  compromise,  it  must  be  known  whether 
an  optimum  of  range,  of  cost  or  of  any  other  desirable  character, 
ietic  is  sought. 

Once  the  optimum  velocity  is  determined,  the  duct  areas  can  be  found  by 
using  the  areas  for  200  fpe  and  correcting  them  for  the  new  velocity. 


In  paragraph  2G  it  was  assumed  that  the  loss  in  adiabatic  head  resulting 
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from  the  sum  of  all  nressure  losses  was  equal  to  t he  gain  in  head  result¬ 
ing  from  air  cosaression  inside  the  rotating  blade.  ’.Then  K  denotes  the 
ratio  of  loss  +  o  pains 
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TThereins  A.  *  friction  coefficient 

P  *  rotor  radius  »  duct  length 
P  *  perimeter  of  internal  duct 


duct  cro^s- sectional  area 


velocity  in  blade 

rotor  angular  velocity 


—  m  F  constant  *  constant  £  »  constant 
4A  C*  CO* 


where  <T  denotes  the  rotor  solidity. 


Therefore, 


F  «  -jp  constant  (  — ) 
u  VS L 


It  can  be  seen  that  K  remains  unaffected  by  pressure  ratio  and  tempera¬ 
ture  rise  in  the  burner.  is  a  measure  o'*  the  relative  importance 

attached  to  external  and  internal  losses  and  for  families  of  rotors  of 
constant  solidity  becomes  the  main  variable  that  affects  F.  If,  for 
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VTO  rotors  of  high  disc  load,  RXLis  chosen  as  high  as  possible,  opti¬ 
mum  solidity  rrill  increase  with  disc  load  in  order  to  keep  the  specific 
blade  loading  an  optimum.  This  shows  that  low  K  values  (low  losses)  can 
be  achieved  by  high  disc  loads. 


Also  for  constant  disc  load  end  constant  — K  will  remain  constant  and 

RH. 

the  trends  shown  by  the  subject  calculations  will  be  correct. 


6.  CQRFt*CTTOKS  FOP  PEVXATTOKS  TOOK  K  -  1 


In  most  cases,  of  course,  general  considerations  will  result  in  a  choice 

of  52  “a  ff  that  rMult  ln  K  m“qn!j  ”olty- 

The  nhysical  effect  of  a  change  of  K  1b  an  increase  or  decrease  of  bur¬ 
ner  pressure  and,  consequently,  exhaust  velocity.  All  results  plotted 
in  charts  ?  through  PO  are  based  on  thrust  and  therefore  on  the  difference 
between  exhaust  velocity  and  tip  speed.  A  change  in  exhaust  velocity 
under  equal  compressor  and  burner  temperature  conditions  can  therefore 
be  accounted  for  by  reading  the  desired  data  at  a  tip  speed  that  differs 
from  the  actual  tip  speed  by  the  amount  AUJR  that  equals  the  change  in 
exhaust  velocity  resulting  from  deviation  of  K  from  unity. 

A  simple  way  to  find  £  ft  R  is  shown  in  the  following.  It  should  only  be 
used  when  the  total  gain  or  loss  in  head  does  not  exceed  t  15  oeroent  of 
the  total  head,  an  assumption  that  covers  all  practical  cases. 
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heat  equivalent 
nozzle  efficiency  (95  percent) 
adiabatic  bead  at  nozzle 
exhauat  velocity 


Therefore a 
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Figure  ?1  elloim  to  determine  for  various  temperature  and  pressure 


ratio  condi tione - 


ravin* 


Pag®  17 

Report  1567 


1 


j 


CONFIDENTIAL 


Pape  ?8 
Beport  1>67 


